Spontaneous acute lymphomas and related leukemias, occurring in three of 2,974 male Wistar rats used as controls in toxicity studies during the last 14 years (1 974-1987), were examined by light and electron microscopy and by using immunohistochemistry. At autopsy, conspicuous hepatosplenomegaly was noted. Morphologically, tumor cells of all three rats were medium-sized lymphocytes with many mitotic figures proliferating mainly in the spleen, liver, and bone marrow. Virus-like particles were not detected. Immunohistochemically, almost all tumor cells were positive for thy-1 antigen but negative for hematopoietic and differentiation markers such as W3/13, W3/25, 0 x 4 , 0 x 8 , and 0 x 1 2 . The results suggest that the lymphomas in these three rats were derived from T cells.
Spontaneous leukemias in young rats are r a~e ,~.~~ whereas large granular lymphocyte (LGL) leukemia occurs in F344 rat^^,^,^^,^^,^^,^^,^^ and W/Fu rats' with high incidence, and myelomonocytic leukemia is usually observed in BN/Bi rats over 18 months of age.3 Experimentally induced leukemias in rats are unusual and include myeloid leukemias1s and lymphoid leu-In this report, we describe morphological and immunohistochemical characteristics of spontaneous acute lymphomas and related leukemias arising in young male Wistar rats. In addition, immunohistochemical features of these neoplastic lymphoid cells were compared with those of LGL leukemia cells in a F344 rat using routine paraffin-embedded sections.
Materials and Methods

Animals
The rats (Cases 1, 2, and 3) that developed lymphomas and related leukemias were three of 2,974 male Ta : Wistar and Jcl: Wistar rats (18 or 31 weeks of age) used as nontreated or vehicle-treated controls in subacute toxicity studies at our laboratory from 1974 to 1987. Similar lymphoma/ leukemia was not seen in approximately 3,000 female rats used in these studies. All rats were obtained at 4 weeks of age and maintained in specific-pathogen-free units.
Pathological procedures
Each rat found dead or killed in extremis was completely necropsied. Smear preparations of peripheral blood were stained with May-Giemsa (Case 1). For light microscopy, all organs and tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, and stained with hematoxylin and eosin (HE). Selected sections were also stained with periodic acid-Schiff, Giemsa, and methyl-green pyronin stains. For electron microscopy, pieces of formalin-fixed spleen, liver, and mesenteric lymph nodes were washed, refixed in 2.5% glutaraldehyde, post-fixed in 1 Yo osmium tetroxide, and embedded in Epon. Ultrathin sections were double-stained with uranyl acetate and lead citrate.
Immunohistochemical examination
Selected formalin-fixed paraffin-embedded sections of tumor tissues in three Wistar rats and a female F344 rat (Case 4, 93 weeks of age) with large granular lymphocyte (LGL) leukemia were examined using the streptavidin-biotin-peroxidase (SA-B, Stravigen kit, BioGenex Laboratories, San Ramon, CA) method with trypsin digestion. Bone marrow and lymphoid tissues of normal male Jcl : Wistar rats (1 8 weeks of age) were used as controls for the above method. The following mouse anti-rat monoclonal antibodies were used: OX7 (anti-thy-1), W3/13 (anti-T cells), OX8 (anti-suppressor1cytotoxic T cells, anti-LGLs), W3125 (anti-helperhnducer T cells), OX4 (anti-Ia), and OX12 (anti-IgG F [ab'],, Sera-Labs., Sussex, England). Sections were deparaffinized, rehydrated, and then 0.1 Yo solution of trypsin and calcium chloride at pH 7.8 was applied at 37 C for 30 minutes. After washing with tap water, sections were immersed in 3% hydrogen peroxide for 10 minutes. Tissues were washed with water and placed in phosphate-buffered saline (PBS). The following dilutions of primary antibodies were applied to slides at room temperature for 30 minutes: 0 x 7 , 11200; W3/13, 1/200; 0 x 8 , 1/200; W3/25, 1/100; 0 x 4 , 1/200; and 0 x 1 2 , 1/100. Following several rinses with PBS, the slides were reacted with biotin-combined secondary antiserum for 30 minutes and washed. The peroxidase-combined streptavidin was then applied for 30 minutes and washed. The 3,3'diaminobenzidine tetrahydrochloride was applied to sections as the chromogen at room temperature for 10 minutes. Sections were rinsed in tap water and counter-stained with Mayer's hematoxylin.
Results
Clinically, all three Wistar rats showed progressive anemia, depression, and abdominal distention. Case 3 developed hind limb paralysis. All animals died or became moribund within a few weeks after showing the first sign of disease. Pallor of the iris and external ears was seen in these rats prior to death. The number of leukocytes in Case 1 was 306.0 x 103/pl. All of the cells were lymphoid cells.
Hepatosplenomegaly was the most common and striking finding at necropsy. Abdominal cavities were occupied by the enlarged spleen and liver with a small amount of ascites. The enlarged dark-red spleens were more than 25 times as large as normal and occasionally adhered to the omentum and abdominal wall. The cut surface of the spleen was firm, and the white pulp was obscure. Pale discoloration of the bone marrow was present in all rats. One rat (Case 3) also had lymphadenopathy of mesenteric lymph node and slightly discolored kidneys. Other organs and tissues examined, including the thymus, were not abnormal.
Microscopically, the neoplastic cells consisted of a homogeneous population of medium-sized lymphocytic tumor cells (5-8 pm) with round or oval nuclei containing indistinct nucleoli, scant cytoplasm, and a high nuclear/cytoplasmic ratio. Marked proliferation of tumor cells with many mitotic figures around the central arteries in the splenic white pulp were observed. Diffuse proliferation of tumor cells in red pulp destroyed the normal architecture of the spleen and reduced extramedullary hematopoietic activity. In the liver, moderate to marked infiltration and proliferation of tumor cells were present in the hepatic sinusoids ( Fig. la, b ). The bone marrow of the femur and sternum was completely replaced by tumor cells with no evidence of hematopoiesis. Mild perivasicular infiltration of tumor cells was observed in the lungs and kidneys. Tumor cells diffusely replaced the normal architecture of the lymph nodes (superficial, mediastinal, mesenteric, renal, and inguinal) and extended into the surrounding fatty tissues in Case 1. In Case 3, widespread tumor cell infiltration was present in the lumbar spinal cord, and mild focal infiltration of tumor cells was present in the cerebellar cortex. Histopathologic findings in Case 4 (the F344 rat) were virtually identical to those previously described for large granular lym- phocyte (LGL) leukemia. 10~12, 25, 28 In brief, the LGL leukemia cells had round to reniform nuclei and pale abundant cytoplasm. The spleen exhibited diffuse infiltration by leukemic cells with severe congestion and follicular lymphoid depletion. Erythrophagocytosis by these tumor cells was also observed.
Ultrastructural features of tumor cells corresponded to light microscopic observations. Tumor cells of the Wistar rats had round and slightly cleaved nuclei. Occasional tumor cells had lobulated nuclei with marginated condensed chromatin and one to two conspicuous nucleoli. Scant cytoplasm had few organelles except for many free ribosomes and several mitochondria (Fig. 2) . In Case 4 (the F344 rat), neoplastic cells were characterized by the appearance of cytoplasmic granules associated with Golgi complex. U1trastructural examination of the tumor cells in each rat did not reveal budding C-particles or coated vesicles.
The results of the immunohistochemical examination of these lymphoid neoplasms were compared with lymphoid tissues in normal Wistar rats (Tables 1, 2). Most tumor cells of all Wistar rats were strongly positive for OX7 (Fig. lb) . In the liver and spleen, with marked tumor cell infiltration and proliferation, a small number of W3/13-and 0x8-positive cells were scattered in the areas surrounding tumor-cell aggregation.
On the contrary, greater number of neoplastic cells in the F344 rat were only positive for 0 x 8 . Tumor cells of these Wistar rats were absolutely negative to other antibodies: W3/25,0X4, and OX 12. In normal Wistar rats, 0x7-positive cells existed in cortex of the thymus (Fig. 3a) , and not in the spleen (Fig. 3b ), lymph nodes, or bone marrow. W3/13-positive cells were present in the medulla of the thymus (Fig. 4a ) and in areas surrounding the splenic central arteries (Fig. 4b) . Almost all cells of the thymic cortex and scattered cells of thymic medulla (Fig. 5a ) and T cell dependent areas of the spleen (Fig. 5b) and lymph nodes were positive for 0 x 8 .
Discussion
In rats, spontaneous and experimental occurrence of T cell and B cell lymphoma/leukemia is rare.7.9s26 Occasional early development of lymphoma/leukemia in rats used in carcinogenecity and toxicity studies may occur. Neoplastic transformation of hematopoietic cells is generally associated with maturation arrest and uncoupling of proliferation and differentiation. The hematopoietic neoplasms retain many biologic characteristics of the normal cells.10, 28 Morphologically, tumor cells of all Wistar rats in this report were medium-sized lymphoid cells that had round to oval or lobulated nuclei, few cytoplasmic organelles, and many mitotic figures. These neoplastic cells were mainly distributed in the spleen, liver, and bone marrow, but not the thymus. Tumor cells of these Wistar rats had proliferated mainly in the splenic white pulp, whereas large granular lymphocyte (LGL) leukemia cells had proliferated in the splenic red pulp and lymphoid marginal zone.4Jo.2s.28 Although only a few r e p o r t~'~J~ have described detailed classification of lymphomas and related leukemias in rats, Greaves and Immunohistochemically, tumor cells of the three Wistar rats were strongly positive for 0x7-antiserum that recognizes thy-1 antigen and were completely negative for B cell markers such as 0 x 4 -and 0 x 1 2antiserum. Although the biological meaning of thy-1 antigen is still obscure, the antigen appears in the brain of many species,I4 and thy-1 antigen is an important T cell surface marker that appears on thymocytes and peripheral T cells in mice. 19 In human beings, thy-1 antigen does not appear in most of thymocytes and T cells in the spleen.2o A previous study' has reported that thy-1 antigen appeared in thymocytes but not peripheral T cells in rats. Other have reported that both pre-B and pre-T cells of rats expressed 0 x 7 . In formalin-fixed paraffin sections of normal Wistar rats, only lymphocytes of thymic cortex were positive for OX7 and none of lymphocytes were positive for the antigen in peripheral lymphoid tissues and bone marrow. Thus, results of the present immunohistochemical examination suggest that the lymphocytic lymphoma cells in these Wistar rats originated from T cells, although a small number of W3/13-positive cells and 0x8-positive cells were scattered in the spleen and liver where infiltration and proliferation of tumor cells were severe. Some neoplastic T cells may express immunologically heterogenic phenotype as in other species,27 or normal lymphocytes may intermingle with neoplastic T cells in those tissues examined.
The diagnosis of nonthymic T cell lymphoma and related leukemia in young Wistar rats is supported by the morphological characteristics of tumor cells and immunohistochemical demonstration of T cell related markers. Morphological and immunohistochemical Figs. 3-5. Paraffin sections of the thymus and spleen of normal Wistar rats stained with various lymphocyte markers (see Table 2 ). 3a, thymus, 0x7; 3b, spleen, 0x7; 4a, thymus, W3/13; 4b, spleen, W3113; 5a, thymus, 0x8; 5b, spleen, 0x8; SA-B method. Bar = 50 pm. characteristics of tumor cells in these Wistar rats are completely different from those of LGL leukemia cells in F344 rats. A previous reportlo has examined the immunohistochemical characteristics of LGL leuke-mia cells on paraffin sections and revealed OX8 is an excellent marker for LGL leukemia, especially in B-5 or Bouin's-fixed tissues with trypsin digestion. In the present study, 0x8-positive cells in normal lymphoid tissues were detected not only in peripheral T-dependent areas but also thymic cortex. Only lymphocytes in the former areas may be LGL and suppressor/cytotoxic T cells, because most of 0x8-positive cells in thymic cortex are immature T cells. The definitive diagnosis of LGL leukemia requires that the tumor cells stain positive for OX8 and negative for OX7 and w3/13.
